Purpose The aims of this paper were to evaluate the relationship between chronic pain and global quality of life (GQOL) and to explore the effect of possible confounders, mediators, and moderators such as selected demographic variables, chronic illnesses, stress-related symptoms, fatigue, and subjective health of the relationship between chronic pain and GQOL. Methods We used a cross-sectional design, including 1,893 respondents from a population of 4,000 of Norwegian citizens, aged 19-81 years, who were randomly drawn from the National Register by Statistics Norway in November 2000 (48.5%). Pain duration of more than 3 months was categorized as having chronic pain. The Quality of Life Scale, the Fatigue Severity Scale, and the Posttraumatic Stress Scale were used as our main dependent and independent variables, respectively. A series of multiple regression analyses (GLM in SPSS) were applied using GQOL as the dependent variable, entering subsets of independent variables in a theoretically predefined sequence. Results In the total model, there was no significant relationship between chronic pain and GQOL. The model explained 39% of the variance in GQOL. For direct effect sizes, stress-related symptoms were related most strongly to GQOL, followed by subjective health, fatigue, chronic illnesses, and selected demographic variables. Conclusion These findings support the assumption of a complex and indirect relationship between chronic pain and GQOL.
Introduction
Chronic pain is a major and rapidly growing health problem worldwide. Chronic pain is defined as pain lasting more than 3 or 6 months, and population-based studies suggest that chronic pain occurs in 11-30% of the general population [1] [2] [3] [4] [5] [6] . Two recent population studies in Norway found prevalence rates of chronic pain of 24.4% [2] to 30% [6] . The condition pain is difficult to treat and its disabling effect may be substantial [7] . Patients with chronic pain use substantial amount of health care resources [8] .
Chronic pain is recognized as a biopsychosocial phenomenon in which biological, psychological, and social factors interact dynamically with each other [7] . The biopsychosocial perspective on pain emphasizes the patient's interpretation of pain as the key to understanding his or her responses to pain. Chronic pain may be viewed as a stressor that exceeds routine coping capacities, which in turn may lead to disability and reduced Quality of Life (QOL) [9] [10] [11] [12] . QOL may be understood as physical, social, and mental well-being [health-related quality of life (HRQOL)], and as the individual's satisfaction with life [i.e., global quality of life (GQOL)] [13] . In a recent study of the relevant domains of patient-reported outcomes from the perspective of people who experience chronic pain, functioning, and well-being were considered as important areas affected by the presence of symptoms and as appropriate targets of treatment [14] .
Several studies that have evaluated different HRQOL issues in patients with chronic pain concluded that these patients report a variety of problems, including disability and poorer physical and mental health [2, . Chronic pain is associated with symptoms such as emotional distress, anxiety, depression, fatigue, and sleep disturbances [31] [32] [33] [34] [35] [36] . The co-occurrence of chronic pain and posttraumatic stress disorder (PTSD) has also been reported [37] . However, there is a dearth of research on GQOL, and the strength of the relationship between chronic pain and GQOL, in particular, when people with no chronic pain are included.
It is accepted that there is not a direct, one-to-one causal relationship between disease, symptoms, functional limitations, disability, and poor life satisfaction (GQOL) [13] . Common underlying causes (confounders) may contribute to noncausal, spurious associations between chronic pain and GQOL, and the mediating and moderating roles of the said variables are not well understood. Nonmedical factors such as sociodemographics, personality, psychosocial, and cultural factors seem to influence GQOL more than HRQOL, thus making the association between chronic pain and GQOL difficult to disentangle [13] .
Chronic pain is demanding and difficult to treat and should be approached using multidisciplinary efforts, including QOL as an important outcome. Success in the assessment and treatment of chronic pain depends on knowledge of the complex relationship between chronic pain and QOL [38] . Although a number of studies have evaluated the negative effects of chronic pain on QOL in different pain populations, we have found no studies that examined the relationship between chronic pain and GQOL in the general population. Cross-sectional data from a study of the Norwegian general population in 2000-2001 that focused on evaluating QOL, health status, fatigue, hope, and pain allowed us to evaluate some of the causal issues pertaining to the relationship between chronic pain and GQOL. We explored the confounding, mediating, and moderating roles of sociodemographic variables, chronic illnesses, stress-related symptoms, fatigue, and subjective health perceptions in GQOL. The purposes of this study were to evaluate the degree to which chronic pain is directly or indirectly related to GQOL and to identify the mediators of these relationships, while controlling for possible confounders and moderators such as demographic characteristics, chronic illnesses, stress-related symptoms, fatigue, and subjective health.
Methods and materials

Sample and data collection procedures
A total of 4,000 Norwegian citizens, aged 19-81 years, were randomly drawn from the National Register by Statistics Norway. Of the 4,000 questionnaires mailed, 56 participants could not be contacted because of an unknown address or recent death, which left 3,944 eligible respondents. In November 2000, the participants were sent a questionnaire inviting them to participate in a study that focused on evaluating QOL, health status, fatigue, hope, and pain in the general Norwegian population. To improve the response rates, individuals who did not respond within 4 weeks received one written reminder.
A total of 1,912 questionnaires were returned after the two mailings, of which 1,893 provided usable information, giving an overall response rate of 48.5% (1,912/3,944) . About 85% of the responses were returned before the second mailing. Using the demographic data obtained from the National Register by Statistics Norway, the responders and nonresponders were compared. Significantly, lower response rates were obtained from younger individuals, men, participants with less education, and those who were not married.
Most of the respondents were women (52%), married (58%), and worked for pay (71%; Table 1 ). The mean age of the respondents was 45.2 years (SD = 16.0) with a range of 18-81 years. A total of 501 (27%) of the participants reported having a chronic disease or long-term health problems.
A complete description of the pain characteristics of this sample was published previously [6] . Data were collected on pain prevalence, severity, causes, duration, location, and treatment. In brief, from the total sample of respondents, 536 (28.3%) individuals reported that they generally were in pain, and 454 (24.4%) met the criteria for chronic pain. Women, older individuals, persons with less education, and those who received a pension reported chronic pain more frequently [6] .
Instruments and scoring procedures
The questionnaire sent to study participants obtained information about sociodemographic characteristics, chronic illnesses, QOL, fatigue, stress-related symptoms, hope, and pain. This paper presents the data on sociodemographic characteristics, pain, chronic illnesses, fatigue, stress-related symptoms, and GQOL.
Sociodemographic characteristics
The questionnaire obtained information on age, sex, marital status, education, coresidence, employment status and 
Chronic illnesses
Questions in this section ascertained whether or not the person suffered from chronic illness (yes or no), and the number of illnesses.
Pain
Participants were asked to respond to a screening question about whether or not they generally had pain (yes or no). If they answered yes to this screening question, they were asked to provide more detailed information on their pain including when the pain started (year, month, and day). For the purposes of this study, chronic pain was defined as pain of at least 3 months duration [39] . A more detailed description of the pain questions and the prevalence and characteristics of chronic pain in this sample were published previously [6] .
Stress-related symptoms
The Posttraumatic Symptoms Scale-10 (PTSS-10) is a 10-item self-report questionnaire that assesses the presence and intensity of stress-related symptoms during the previous 7 days [40] [41] [42] . As its name suggests, the PTSS-10 was developed as a tool for surveying symptoms within the posttraumatic stress spectrum, as outlined and defined by the DSM-IV and ICD-10. In this study, no specific traumatic events were evaluated, although the individual items are relevant for describing stress-related symptoms without reference to potentially traumatic events. The questionnaire addresses stress-related symptoms such as sleep problems, nightmares, tension in the body, irritation, depression, nervousness, fluctuations in mood, feelings of guilt, and fear. These symptoms are rated on a seven-point Likert scale that ranges from 1 (never/rare) to 7 (very often), giving a total score of 10 to 70. The validity and reliability of the PTSS-10 are well established [43] . The Cronbach's alpha in this study was 0.88.
Fatigue
The Fatigue Severity Scale (FSS) was used to measure fatigue [44] . This scale comprises nine items that measure the impact of disabling fatigue on daily functioning. It has been used in several different populations, including both general populations and those with specific chronic illnesses. The items are rated on a Likert scale that ranges from 1 (completely disagree) to 7 (completely agree), with a higher score indicating a higher level of fatigue. Several studies have documented satisfactory results with regard to psychometric properties in many countries including Norway [45] . The Cronbach's alpha in this study was 0.88.
Subjective health
Subjective health was measured using one item from the 26-item World Health Organization Quality of Life instrument (the WHOQOL-BREF) [46] . The single item asked the individual to respond to the following question: How satisfied are you with your health? The respondent answered using a scale from 1 (very dissatisfied) to 5 (very satisfied). This scale has established validity and its reliability has been estimated in the Norwegian general population [47] .
GQOL
The Norwegian version of the Quality of Life Scale (QOLS-N) was used to measure GQOL. This scale covers a wide range of factors that are important to an individual's life and is holistic in scope [48] . The questionnaire contains 16 items that require respondents to estimate their satisfaction with different life domains such as physical and material well-being, personal development, relationships with others, participation in social, community, and civic activities, and recreation. Level of satisfaction is reported on a seven-point scale from ''not satisfied'' to ''very satisfied''. A total score is created as the sum of all of the items and ranges from 16 to 112. Higher scores indicate a better GQOL. The scale was translated into Norwegian and has well-established validity and reliability [49, 50] . For the purposes of this study, one item that asked about satisfaction with health was removed from the overall GQOL scale because of a possible conceptual overlap (operational confounding) with the variable ''subjective health,'' which was used as a separate construct in some of the multivariate analyses. The Cronbach's alpha in this study was 0.89.
Statistics
Data were analyzed using SPSS for Windows (version 16.0). Descriptive analyses were performed to assess the demographic and clinical characteristics of the sample. To evaluate the relationship between chronic pain and GQOL, the roles of possible confounders, mediators, and moderators were explored using a series of multiple regression analysis (GLM in SPSS) in predefined steps (A-F) using GQOL as the dependent variable. The following variables were defined as independent in the separate steps according to the presumed causal ordering of the factors, starting with pain plus the most exogenous variables (putative confounders), and then adding possible mediators and moderators first sequentially and then as a complete set.
•
Step A: age, sex, education, work, marital status, cohabitation (all defined as possible confounders) ? chronic pain.
• Step B: age, sex, education, work, marital status, cohabitation, chronic illness (yes or no), number of chronic diseases (defined as possible confounders) ? chronic pain.
• Step C: age, sex, education, work, marital status, cohabitation, chronic illness (yes or no), number of chronic diseases (defined as possible confounders) ? stress-related symptoms (defined as a possible mediator) ? chronic pain.
• Step D: as for Step C, but with fatigue as a possible mediator.
• Step E: as for step C, but with subjective health as a possible mediator.
• Step F: as for step C, but with stress-related symptoms ? fatigue ? subjective health as possible mediators.
At each step, the interaction effects between independent variables were tested one pair at a time, with main effects retained in the regression models.
Results
Relationship between chronic pain and GQOL
Results of the analyses that evaluated the relationship between chronic pain and GQOL, including possible confounders and moderators such as selected demographic characteristics, illness, stress symptoms, fatigue, and subjective health are shown in Table 2 . All independent variables showed significant bivariate associations with GQOL.
In the model that evaluated the relationship between chronic pain and QOL controlling for demographic variables (Table 2 , step A), all variables were significantly related to GQOL. GQOL increased with increasing age (B = 0.13, P \ 0.001). GQOL was lower in men (B = -2.16, P \ 0.001). Higher educational level was related to better GQOL (B = 1.03, P \ 0.001), and living alone was related to poorer GQOL (B = -1.90, P \ 0.05). GQOL was lower in pensioners (B = -3.70, P \ 0.001) and in those who were unemployed (B = -9.05, P \ 0.001), divorced (B = -3.16, P \ 0.01) or unmarried (B = -1.81, P \ 0.05) than in those who were married and working for pay. Finally, having chronic pain related significantly to reduced GQOL (B = -4.78, P \ 0.001). The model (step A) explained 11% of the variance in GQOL, and the bivariate association between pain and GQOL decreased only slightly after controlling for demographic characteristics.
When the illness variables (chronic illness, number of illnesses) were entered into the model (Table 2 , step B), the relationship between chronic pain and GQOL remained significant but declined from B = -4.78 (P \ 0.001) to B = -2.84 (P \ 0.001).
In step C, stress-related symptoms were added to the variables analyzed in step B. Chronic pain was no longer significant, which suggests that the effect of chronic pain on GQOL was mediated to a large extent by stress-related symptoms.
When fatigue was entered instead of stress-related symptoms as a possible mediator of the effect of chronic pain on GQOL ( Table 2 , step D), chronic pain (B = -1.49, P \ 0.05) was again significantly related to GQOL, albeit at a lower level, which suggests a less-pronounced mediating role of fatigue.
Finally, when subjective health was entered as a mediator, a strong direct effect appeared (B = 5.17, P \ 0.001), and chronic pain was no longer associated with GQOL. This finding suggests that subjective health was a very proximal cause of GQOL and, in effect, mediated all of the negative impact of chronic pain on GQOL in this population.
When evaluating the total model (all variables from steps A to E), no significant relationship was found between chronic pain and GQOL (Table 2, step F). All the putative mediators (stress-related symptoms, fatigue, and subjective health) showed highly significant, direct associations with GQOL. This indicates that ''subjective health'' was not the ''main mediating nexus'' between chronic pain and GQOL, but that all mediators contributed to GQOL.
In the full model, GQOL increased with age (B = 0.05, P \ 0.05). Men had lower levels of GQOL (B = -4.06, P \ 0.001), and higher educational level was related to better GQOL (B = 0.38, P \ 0.05). GQOL was lower in people who were unemployed (B = -4.92, P \ 0.05), divorced (B = -1.98, P \ 0.05), or unmarried (B = -1.35, P \ 0.05). Chronic illness (B = 1.48, P \ 0.05) was significantly related to poorer GQOL. The total model (step F) explained 39% of the variance in GQOL. In terms of direct effect sizes, stress-related symptoms (F = 283.72) were most strongly related to GQOL, followed by subjective health (F = 78.59) and fatigue (F = 24.28).
A systematic search for statistical interactions between chronic pain and the other independent variables revealed two significant moderating effects. First, a significant interaction between chronic disease and chronic pain (F = 4.62, P = 0.032), indicating that the negative Table 2 Regressing QOL on pain, demographic and sickness variables, stress-related symptoms, fatigue, and subjective health. Unstandardized regression coefficients (B) and adjusted multiple Rs
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Ref. association between chronic pain and GQOL is particularly strong among persons who do not report having a chronic disease, i.e., among persons with a chronic disease, the ''added burden'' of chronic pain is not very strong. Second, there is an interaction between number of illnesses and chronic pain (F = 10.43, P = 0.001), indicating that the negative association between GQOL and number of illnesses is much stronger among respondents with no chronic pain.
Discussion
In the present cross-sectional study, which includes data from a general population, we found no direct relationship between chronic pain and GQOL. Instead, we found that the relationship between chronic pain and GQOL is confounded and/or mediated by factors such as sociodemographic variables, chronic illnesses, stress-related symptoms, fatigue, and subjective health perceptions. The lack of a direct, oneto-one relationship between disease, symptoms, functional limitations, disability, and loss of satisfaction with life (GQOL) is well known [13] . Although our cross-sectional study could not establish or determine causality, our findings support the hypothesis that a complex relationship exists between chronic pain and GQOL. Chronic pain is not necessarily associated with poor GQOL [51] . For example, in a study of oncology outpatients, the most important predictors of GQOL were depression, social functioning, and physical functioning [52] .
In the present study, stress-related symptoms were related most strongly to GQOL, and the relationship between chronic pain and GQOL became nonsignificant when stressrelated symptoms were introduced into the model. Most people with chronic pain experience emotional distress to varying degrees. Anxiety, depression, anger, frustration, and resentment are commonly reported by these patients [e.g., [30] [31] [32] [33] . These negative emotions may be considered stressrelated symptoms that, in turn, may have a negative impact on GQOL. Patients with chronic pain tend to exhibit more PTSD symptoms [37] . For example, between 10 and 50% of patients who receive tertiary care treatment for chronic pain have symptoms that satisfy the diagnostic criteria for PTSD, compared to only 8% of the general population [53, 54] .
Other stressors, which were not assessed in this study, may explain the relationship between stress-related symptoms and GQOL. To study stress-related symptoms using the PTSD-10 without knowing what stressor or possible trauma the respondents experienced may be considered as problematic. Epidemiologic studies have reported relatively high prevalence rates for a number of stressors that may be associated with PTSD [55] [56] [57] [58] . For example, in a Norwegian epidemiologic study, 76% of 2,015 participants reported that they had experienced one or more of a list of 15 traumatic events based on a modification of the Diagnostic Interview Schedule [55, 56] . A population sample in Detroit reported a prevalence of 90% for any kind of severe trauma [57] . Additional research, particularly longitudinal studies, is needed to determine the impact of chronic pain, among other stressors, as a cause of stress-related symptoms in the general population and its relationship with GQOL.
This study found that fatigue and subjective health perceptions explained part of the variance in GQOL and that they mediated the relationship between chronic pain and GQOL. In a national health data survey on the impact of symptoms and impairments on overall health in the USA, pain and fatigue were reported among the most prevalent symptoms and were associated most strongly with overall health [59] . A better understanding of the relationship between pain and fatigue, their underlying mechanisms, and their changes with time would help to expand our knowledge about their relationship with GQOL.
The present study has some limitations. First, the chronic pain group was created based on self-reports of the participants rather than on diagnostic procedures. A second limitation is that the causal relationships between chronic pain and GQOL could not be examined because of the cross-sectional study design. Longitudinal studies are needed to evaluate the causal patterns and to develop theories about potential confounders or moderators of the relationship between chronic pain and GQOL. Characteristics of the individual (e.g., personality, motivation) and of the environment (e.g., social support, economic factors) also influence these associations. Because these factors were not assessed in this study, additional research that includes both personality and environmental factors is needed to understand more completely the complex relationships between chronic pain and GQOL. Third, we emphasize that the PTSS-10 was included as a tool to measure stress-related symptomology, a focal point of our study, and not as a tool for measuring the prevalence of PTSD or for identifying comorbidity of chronic pain and PTSD. Finally, differences in sociodemographic characteristics between the responders and nonresponders in this study may have influenced the relationships between the study variables, thus limiting the generalizability of the findings. The lower response rates in certain subgroups (young, men, unmarried people, and those with low educational level) are typical of broad population surveys like ours. This kind of nonrandom sample attrition probably distorts the point estimates (means, prevalence rates) for some of our main parameters (pain levels, stress). However, it seems likely that the relative size of the statistical associations, and the direct and indirect effects (our key issues) were robust to such typical lack of representativeness. Significant numbers of patients continue to experience chronic pain despite pharmacological interventions. People cope differently with stress, and this coping ability may contribute to QOL. Ample evidence suggests that the acceptance of pain is related to better well-being among patients with chronic nonmalignant pain. Acceptance of pain may be seen as a coping strategy and, consequently, one that reduces psychological distress, which in turn may impact on health perceptions and life satisfaction through mechanisms such as a response shift [27, [60] [61] [62] [63] .
Conclusion
Chronic pain may be less related to GQOL than the perception of health and stress. Although our cross-sectional study cannot confirm causality, our findings support the hypotheses of a complex relationship between chronic pain and GQOL. Additional research is needed to characterize more fully this relationship across the trajectory of the chronic pain experience. Future studies should use prospective designs, include a larger set of predictor variables, and employ more sophisticated statistical methods.
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